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Growing Interest in SE EffectivenessG o g te est S ect e ess
•• Questions about the effectiveness of the SE Questions about the effectiveness of the SE 

processes and activities are being askedprocesses and activities are being askedprocesses and activities are being askedprocesses and activities are being asked
–– DoDDoD
–– INCOSEINCOSE
–– OthersOthers

•• Key activities and events have stimulated Key activities and events have stimulated 
i t ti t tinterestinterest
–– DoD SE RevitalizationDoD SE Revitalization

AF Workshop on System RobustnessAF Workshop on System Robustness–– AF Workshop on System RobustnessAF Workshop on System Robustness
•• Questions raised included:Questions raised included:

–– How do we show the value of Systems Engineering?How do we show the value of Systems Engineering?
H d k if i d i d tH d k if i d i d t–– How do you know if a  program is doing good systems How do you know if a  program is doing good systems 
engineering?engineering?

•• Sessions included SE Effectiveness measures and Criteria for Sessions included SE Effectiveness measures and Criteria for 
Evaluating the Goodness of Systems Engineering on aEvaluating the Goodness of Systems Engineering on a

22

Evaluating the Goodness of Systems Engineering on a Evaluating the Goodness of Systems Engineering on a 
Program Program 



Background of the Systems Engineering 
L di I di P jLeading Indicators Project
“SE Leading Indicators Action Team” formed in late 2004 “SE Leading Indicators Action Team” formed in late 2004 

d L A I iti ti (LAI) C ti id L A I iti ti (LAI) C ti iunder Lean Aerospace Initiative (LAI) Consortium in under Lean Aerospace Initiative (LAI) Consortium in 
support of Air Force SE Revitalization support of Air Force SE Revitalization 

The team is comprised of engineering measurement experts fromThe team is comprised of engineering measurement experts fromThe team is comprised of engineering measurement experts from The team is comprised of engineering measurement experts from 
industry, government and academia, involving a collaborative industry, government and academia, involving a collaborative 
partnership with INCOSE, PSM, and several otherspartnership with INCOSE, PSM, and several others
•• CoCo--Leads: Garry Roedler, Lockheed Martin & Donna Rhodes, MITLeads: Garry Roedler, Lockheed Martin & Donna Rhodes, MITCoCo Leads: Garry Roedler, Lockheed Martin & Donna Rhodes, MIT Leads: Garry Roedler, Lockheed Martin & Donna Rhodes, MIT 

ESD/LAI Research GroupESD/LAI Research Group

•• Leading SE and measurement experts from collaborative partners Leading SE and measurement experts from collaborative partners 
volunteered to serve on the team volunteered to serve on the team 

The team held periodic meetings and used the ISO/IEC 15939 and The team held periodic meetings and used the ISO/IEC 15939 and 
PSM Information Model to define the indicators.  PSM Information Model to define the indicators.  

PSM (P ti S ft d S t M t) h d l dPSM (P ti S ft d S t M t) h d l dPSM (Practice Software and Systems Measurement) has developed PSM (Practice Software and Systems Measurement) has developed 
foundational work on measurements under government funding; foundational work on measurements under government funding; 
this effort uses the formats developed by PSM for documenting this effort uses the formats developed by PSM for documenting 
the leading indicatorsthe leading indicators

33

the leading indicatorsthe leading indicators



A Collaborative Industry EffortA Collaborative Industry Effort

44… and several others

. 
• • • ..•. • 

• • • • •• ...... 
SYSTEMS E 1G1 EERING 

Research Center 



Objectives of the project
1.1. Gain common understanding of the needs and drivers of this initiativeGain common understanding of the needs and drivers of this initiative

2.2. Identify information needs underlying the application of SE Identify information needs underlying the application of SE 
effectiveness effectiveness 
–– Address SE effectiveness and key systems attributes for systems, SoS, Address SE effectiveness and key systems attributes for systems, SoS, 

and complex enterprises, and complex enterprises, such as robustness, flexibility, and architectural robustness, flexibility, and architectural p p ,p p , , y,, y,
integrityintegrity

3.3. Identify set of leading indicators for SE effectiveness  Identify set of leading indicators for SE effectiveness  

44 D fi d d bl f hi h i iD fi d d bl f hi h i i4.4. Define and document measurable constructs for highest priority Define and document measurable constructs for highest priority 
indicators indicators 
–– Includes base and derived measures needed to support each indicator, Includes base and derived measures needed to support each indicator, pp ,pp ,

attributes, and interpretation guidanceattributes, and interpretation guidance

5.5. Identify challenges for implementation of each indicator and Identify challenges for implementation of each indicator and 
recommendations for managing implementationrecommendations for managing implementationrecommendations for managing implementationrecommendations for managing implementation

6.6. Establish recommendations for piloting and validating the new Establish recommendations for piloting and validating the new 
indicators before broad use   indicators before broad use   
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SE Leading Indicator Definitiong
•• A measure for evaluating the effectiveness of a how a A measure for evaluating the effectiveness of a how a 

specific SE activity is applied on a program in a manner specific SE activity is applied on a program in a manner p y pp p gp y pp p g
that provides information about impacts that are likely to that provides information about impacts that are likely to 
affect the system performance objectivesaffect the system performance objectives
–– An individual measure or collection of measures that are An individual measure or collection of measures that are 

predictive of future system performancepredictive of future system performance
•• Predictive information (e.g., a trend) is provided before thePredictive information (e.g., a trend) is provided before thePredictive information (e.g., a trend) is provided before the Predictive information (e.g., a trend) is provided before the 

performance is adversely impactedperformance is adversely impacted

–– Measures factors that Measures factors that maymay impact the system engineering impact the system engineering 
performanceperformance not just measure the system performance itselfnot just measure the system performance itselfperformanceperformance, not just measure the system performance itself, not just measure the system performance itself

–– Aids leadership by providing insight to take actions regarding:Aids leadership by providing insight to take actions regarding:
•• Assessment of process effectiveness and impactsAssessment of process effectiveness and impacts•• Assessment of process effectiveness and impactsAssessment of process effectiveness and impacts

•• Necessary interventions and actions to avoid rework and wasted Necessary interventions and actions to avoid rework and wasted 
effort effort 

66

•• Delivering value to customers and end usersDelivering value to customers and end users



Leading IndicatorsLeading IndicatorsLeading IndicatorsLeading Indicators
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Interactions Among FactorsInteractions Among FactorsInteractions Among FactorsInteractions Among Factors

Functional TechnologyFunctional
Size

Process
Performance

gy
Effectiveness
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Size

Effort 

ScheduleCustomer
Satisfaction

Product
Quality

Satisfaction

SE Technical Issues
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Quality

Adapted from J. McGarry, D.Card, et al., Practical Software 
Measurement, Addison Wesley, 2002



Criteria of Leading Indicators

•• Early in activity flowEarly in activity flow •• Can support defined Can support defined 
h k ih k i•• InIn--process data process data 

collectioncollection

checkpointscheckpoints
–– Technical reviews, etc.Technical reviews, etc.

•• In time to make decisionsIn time to make decisions
–– ActionableActionable

•• Confidence Confidence 
–– Quantitative (Statistical)Quantitative (Statistical)

Q li iQ li i–– Key decisionsKey decisions

•• ObjectiveObjective

–– QualitativeQualitative

•• Can clearly/objectively Can clearly/objectively 
define decision criteria define decision criteria •• Insight into goals / Insight into goals / 

obstaclesobstacles

define decision criteria define decision criteria 
for interpretationfor interpretation
–– ThresholdsThresholds

•• Able to provide regular Able to provide regular 
feedbackfeedback

ThresholdsThresholds

•• Tailorable or universalTailorable or universal

99Used criteria to prioritize candidates for inclusion in guide



Systems Engineering Leading Indicators  
Objective: Develop a set of SE Leading Indicators to assess if program is 

performing SE effectively,  and to enhance proactive decision making

• Thirteen leading 
indicators defined by 
SE measurement 

• Version 1.0 released in June 2007 

• Version 2.0 released in Feb 2010
experts

• Beta guide released 
December 2005 for

Version 2.0 released in Feb 2010
– Enhancements and lessons learned
– 5 additional leading indicators

SYSTEMS ENGINEERING LEADING 
INDICATORS 

GUIDE 
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December 2005 for 
validation
– Pilot programs 
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• 106 responses 
• Query of utility of 

each indicator
• No obvious 
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List of Indicators List of Indicators (Original Set)(Original Set)
•• Requirements TrendsRequirements Trends (growth;(growth; •• Review Action ClosureReview Action Closure TrendsTrends•• Requirements TrendsRequirements Trends (growth; (growth; 

correct and complete)correct and complete)
•• System Definition Change System Definition Change 

Backlog TrendsBacklog Trends (cycle time,(cycle time,

•• Review Action ClosureReview Action Closure TrendsTrends
(plan vs actual for closure of (plan vs actual for closure of 
actions over time)actions over time)

•• Technology Maturity TrendsTechnology Maturity TrendsBacklog TrendsBacklog Trends (cycle time, (cycle time, 
growth)growth)

•• Interface TrendsInterface Trends (growth; (growth; 
correct and complete)correct and complete)

Technology Maturity TrendsTechnology Maturity Trends
(planned vs actual over time)(planned vs actual over time)

-- New Technology  (applicability to New Technology  (applicability to 
programs)programs)co ect a d co p ete)co ect a d co p ete)

•• Requirements Validation Rate Requirements Validation Rate 
TrendsTrends (at each level of (at each level of 
development)development)

p og a s)p og a s)
-- Older Technology  (obsolesence) Older Technology  (obsolesence) 

•• Risk Exposure TrendsRisk Exposure Trends (planned (planned 
vs actual over time)vs actual over time)p )p )

•• Requirements Verification Requirements Verification 
Trends Trends (at each level of (at each level of 
development)development)

vs, actual over time)vs, actual over time)
•• Risk Handling TrendsRisk Handling Trends (plan vs, (plan vs, 

actual for closure of actions over actual for closure of actions over 
time)time)

•• Work Product Approval TrendsWork Product Approval Trends
-- Internal Approval  (approval Internal Approval  (approval 
by program review authority)by program review authority)

time) time) 
•• SE Staffing and Skills TrendsSE Staffing and Skills Trends: # : # 

of SE staff per staffing plan (level of SE staff per staffing plan (level 
or skill or skill -- planned vs. actual)planned vs. actual)y p g y)y p g y)

-- External Approval  (approval External Approval  (approval 
by the customer review by the customer review 
authority)authority)

p )p )
•• Process Compliance TrendsProcess Compliance Trends
•• Technical Measurement TrendsTechnical Measurement Trends: : 

MOEs (or KPPs) MOPs TPMsMOEs (or KPPs) MOPs TPMs

1111

y)y) MOEs (or KPPs), MOPs, TPMs, MOEs (or KPPs), MOPs, TPMs, 
and marginsand margins

Original set had 13 Leading Indicators 



List of Indicators List of Indicators (added in Version 2.0)(added in Version 2.0)
• Facility and Equipment Availability• Facility and Equipment Availability 

(availability of non-personnel 
resources needed throughout the 

j lif l )project lifecycle)
• Defect and Error Trends (defect 

discovery profile over time)d sco e y p o e o e t e)
• System Affordability Trends 

(cost/effort/schedule/performance 
distributions)distributions)

• Architecture Trends (architecture 
process maturity, system definition 
maturity, architecture skills)

• Schedule and Cost Pressure 
(impact of schedule and cost(impact of schedule and cost 
challenges)

1212
Version 2 Added 5 Leading Indicators 



Fields of Information Collected for Fields of Information Collected for 
Each IndicatoEach IndicatoEach IndicatorEach Indicator
•• Information Need/CategoryInformation Need/Category •• Indicator SpecificationIndicator SpecificationInformation Need/CategoryInformation Need/Category
•• Measurable ConceptMeasurable Concept
•• Leading Information Leading Information 

DescriptionDescription

Indicator SpecificationIndicator Specification
–– Indicator Description and Indicator Description and 

SampleSample
–– Thresholds and OutliersThresholds and OutliersDescriptionDescription

•• Base Measures SpecificationBase Measures Specification
–– Base Measures DescriptionBase Measures Description

Thresholds and OutliersThresholds and Outliers
–– Decision CriteriaDecision Criteria
–– Indicator InterpretationIndicator Interpretation

•• Additional InformationAdditional Information–– Measurement MethodsMeasurement Methods
–– Units of MeasureUnits of Measure

•• Entities and AttributesEntities and Attributes

•• Additional Information Additional Information 
–– Related SE ProcessesRelated SE Processes
–– AssumptionsAssumptions

Additi l A l i G idAdditi l A l i G id–– Relevant Entities (being Relevant Entities (being 
measured)measured)

–– Attributes (of the entities)Attributes (of the entities)

–– Additional Analysis GuidanceAdditional Analysis Guidance
–– Implementation Implementation 

ConsiderationsConsiderations
User of the InformationUser of the Information•• Derived Measures SpecificationDerived Measures Specification

–– Derived Measures DescriptionDerived Measures Description
–– Measurement FunctionMeasurement Function

–– User of the InformationUser of the Information
–– Data Collection ProcedureData Collection Procedure
–– Data Analysis ProcedureData Analysis Procedure

1313

Measurement FunctionMeasurement Function

Derived from measurement guidance of PSM and ISO/IEC 15939, Measurement Process



Guide ContentsGuide Contents
11 About This DocumentAbout This Document

SYSTEMS ENGINEERING LEADING 
INDICATORS 1.1. About This DocumentAbout This Document

2.2. Executive SummaryExecutive Summary
•• Includes mapping of indicators to life Includes mapping of indicators to life 

l h / tl h / t

INDICATORS 
GUIDE 

 
Version 2.0 

cycle phases/stagescycle phases/stages
3.3. Leading Indicators DescriptionsLeading Indicators Descriptions

•• Description of each indicator, example Description of each indicator, example 
hi d d t il d d fi iti ithhi d d t il d d fi iti ith

 
January 29, 2010 
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graphics, and detailed definitions with graphics, and detailed definitions with 
all fields of information all fields of information 

4.4. Implementation ConsiderationsImplementation Considerations
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•• Includes CostIncludes Cost--Benefit, Leading Benefit, Leading 
Indicator Performance, Composite Indicator Performance, Composite 
Indicators, Mapping to SE ActivitiesIndicators, Mapping to SE Activities
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Example of Section 3 ContentsExample of Section 3 Contents
1.1 Requirements Trends  
This indicator is used to evaluate the trends in the growth, change, completeness and correctness of the
definition of the system requirements.  This indicator provides insight into the rate of maturity of the
system definition against the plan. Additionally, it characterizes the stability and completeness of the
system requirements which could potentially impact design, production, operational utility, or support.
The interface trends can also indicate risks of change to and quality of architecture designThe interface trends can also indicate risks of change to and quality of architecture, design,
implementation, verification, and validation, as well as potential impact to cost and schedule.  
 
An example of how such an indicator might be reported is show below. Refer to the measurement 
information specification below for the details regarding this indicator; the specification includes the
general information which would be tailored by each organization to suit its needs and organizational
practices.  
 

Requirements Trends
Requirements Growth Trends

N
TS

Corrective 
Action Taken

 
 
Requirements Volatility. The graph illustrates the rate of change of requirements over time. It also 
provides a profile of the types of change (new, deleted, or revised) which allows root-cause analysis of 
the change drivers By monitoring the requirements volatility trend the project team is able to predict the
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Planned Number 
Requirements

A t l N b

the change drivers. By monitoring the requirements volatility trend, the project team is able to predict the 
readiness for the System Requirements Review (SRR) milestone. In this example, the project team 
initially selected a calendar date to conduct the SRR, but in subsequent planning made the decision to 
have the SRR be event driven, resulting in a new date for the review wherein there could be a successful 
review outcome.  
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Projected Number 
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Requirements Trends The graph illustrates growth trends in the total number of active requirements

 
 
 
 
 
 
 

Requirements Trends. The graph illustrates growth trends in the total number of active requirements 
in respect to planned number of requirements (which is typically based on expected value based on
historical information of similar projects as well as the nature of the project). The measures shown could 
apply to all levels of abstraction from high-level to detailed requirements. Based on actual data, a 
projected number of requirements will also be shown on a graph.  In this case, we can see around PDR
that there is a significant variance in actual versus planned requirements, indicating a growing problem.
An organization would then take corrective action – where we would expect to see the actual growth
move back toward the planned subsequent to this point.  The requirements growth is an indicator of

 
 
 
TBD/TBR Discovery Rate. The graphs show the cumulative requirement TBDs/TBRs vs. the ratio of 
cumulative TBDs/TBRs over cumulative time. Each point represents a successive instance in time as you 
move along the graph from bottom to top. The plot provides an indication of the convergence and stability 
of the TBDs/TBRs over the life cycle of the project. The graph on the left shows a desirable trend of 
requirement TBD/TBR stability; as the ratio of decreases and the cumulative number of TBDs/TBRs 
approaches a constant level This “fold-over” pattern is the desirable trend to look for especially in the

1515Graphics are for illustrative purposes only – may reflect a single aspect of the indicator.

potential impacts to cost, schedule, and complexity of the technical solution.  It also indicates risks of 
change to and quality of architecture, design, implementation, verification, and validation. 
 

approaches a constant level. This fold over  pattern is the desirable trend to look for, especially in the 
later stages of project life cycle. In contrast, the graph on the right shows an increasing number of 
TBDs/TBRs even as the project approaches later stages of its life cycle; this is a worrisome trend in 
system design stability. An advantage of this plot is that, by shape of the graph (without having to read 



Example of Section 3 Contents (Cont’d)Example of Section 3 Contents (Cont’d)
1.1.1 Requirements Trend Specification 
Requirements Trends 

I f ti N d D i ti

Requirements Trends 
Indicator Specification

Information Need Description 

Information 
Need  

• Evaluate the stability and adequacy of the requirements to understand 
the risks to other activities towards providing required capability, on-
time and within budget. 

• Understand the growth, change, completeness and correctness of the 
definition of the system requirements. 

Information 
Category  

1. Product size and stability – Functional Size and Stability 
2. Also may relate to Product Quality and Process Performance (relative to 

effectiveness and efficiency of validation) 

p

Indicator 
Description and 
S l

Line or bar graphs that show trends of requirements growth and TBD/TBR 
closure per plan. Stacked bar graph that shows types, causes, and 
impact/severity of changes. Show thresholds of expected values based on 
experiential data. Show key events along the time axis of the graphs. 
1. Line or bar graphs that show growth of Requirements over time  
2. Line or bar graphs that show % Requirements Approved over time 
3. Line or bar graphs that show % TBDs/TBRs not closed per plan 
4. Line or bar graphs that show % Requirements Change 
5 Li b h th t h E ti t d I t f R i t ChMeasurable Concept and Leading Insight 

Measurable 
Concept 

Is the SE effort driving towards stability in the System definition and size? 

Leading Insight 
Provided 

• Indicates whether the system definition is maturing as expected.  
• Indicates risks of change to and quality of architecture, design, 

implementation, verification, and validation.  
• Indicates schedule and cost risks.  
• Greater requirements growth, changes, or impacts than planned or 

lower closure rate of TBDs/TBRs than planned indicate these risks

Sample 5. Line or bar graphs that show Estimated Impact of Requirements Change
for a given time interval (in effort hours) 

6. Line or bar graphs that show Defect Profile (by types, causes, severity, 
etc.) 

7. Line or bar graphs that show Defect Density  
8. Stacked bar graph that shows types, causes, and impact/severity of 

Requirements Changes 
Thresholds and 
Outliers

Organization dependent. 
lower closure rate of TBDs/TBRs than planned indicate these risks.

• May indicate future need for different level or type of resources/skills.  
• Indicates potential lack of understanding of stakeholder requirements 

that may lead to operational or supportability deficiencies. 

Base Measure Specification 

Base Measures 

1. Requirements  
2. Requirement TBDs/TBRs 
3. Requirement Defects 
4. Requirement Changes 
5 R i t Ch I t

Requirements Trends 

Unit of 

1. Requirements 
2. Requirement TBDs/TBRs per associated attributes 
3. Requirement Defects per associated attributes 

Outliers

Decision Criteria 

Investigate, and potentially, take corrective action when the requirements 
growth, requirements change impact, or defect density/distribution exceeds 
established thresholds <fill in organization specific threshold> or a trend is 
observed per established guidelines <fill in organizational specific>. 
• Used to understand the maturity of the system definition 
• Used to understand impact on system definition and impact on 

production.  
• Analyze this indicator for process performance and other relationships 

5. Requirement Change Impact 
1. Count the number of Requirements (record associated attributes of 

interest; e.g., Process Phases, Disposition Action, Maturity States, 
Priority Levels, Cause, Impact Level, Classification Type, and Dates & 
Times) 

2. Count the number of Requirement TBDs/TBRs (record associated 
attributes of interest; e.g., Process Phases, Disposition Action, Maturity 
States, Priority Levels, Cause, Impact Level, Classification Type, and 
Dates & Times) 

3 C t th b f R i t D f t ( d i t d tt ib t

Measurement 
q p

4. Requirement Changes per associated attributes 
5. Effort Hours per Requirement Change (effort hours or range of effort 

hours expected for each change) 
Entities and Attributes 

Relevant Entities  • Requirements  

Attributes  

• Requirement TBDs/TBRs 
• Requirement Defects 
• Requirement Changes 
• Additional attributes including but not limited to the Process Phases, 

Indicator 
Interpretation  

that may provide more "leading perspective".
• Ops Concept quality may be a significant leading indicator of the 

requirements stability (may be able to use number of review 
comments; stakeholder coverage in defining the Ops Concept). 

• Care should be taken that the organization does not create incentives 
driving perceptions that all requirements change is undesirable. Note: 
Requirements changes may be necessary to accommodate new 
functionality. 

• Review of this indicator can help determine the adequacy of:

Requirements Trends 
Additional Information 

Related 
Processes 

Stakeholder Requirements, Requirements Analysis, Architectural Design 

A ti
• Requirements Database, Change Control records, defect records are 

i t i d & t
Measurement 
Methods 

3. Count the number of Requirement Defects (record associated attributes 
of interest; e.g., Process Phases, Disposition Action, Maturity States, 
Priority Levels, Cause, Impact Level, Classification Type, and Dates & 
Times) 

4. Count the number of Requirement Changes (record associated attributes 
of interest; e.g., Process Phases, Disposition Action, Maturity States, 
Priority Levels, Cause, Impact Level, Classification Type, and Dates & 
Times) 

5. Estimate the impact of a Requirement Change 

Disposition Action, Maturity States, Priority Levels, Cause, Impact Level, 
Classification Type, and Dates & Times coupled with the associated 
events 

Derived Measure Specification 

Derived Measure 

1. % Requirements Approved 
2. % Requirements Growth  
3. % TBDs/TBRs Closure Variance per Plan 
4. % Requirements Modified 
5. Estimated Impact of Requirements Changes for a given time interval (in 

Effort Hours)

• Review of this indicator can help determine the adequacy of: 
o Quantity and quality of Systems Engineers 
o Infrastructure 
o Process maturity (acquirer and supplier) 
o Interface design capability 
o Stakeholder collaboration across life cycle 

• Funding by customer; financial challenge by the program management 

Assumptions maintained & current.
• TBDs and TBRs are recorded and tracked. 

Additional 
Analysis 
Guidance 

• May also be helpful to track trends based on severity/priority of changes 
• Defect leakage - identify the phases in which defect was inserted and 

found for each defect recorded. 

Implementation

• Requirements that are not at least at the point of a draft baseline should 
not be counted.  

• Usage is driven by the correctness and stability of requirements 
definition. 

Effort Hours)
6. Requirement Defect Profile 
7. Requirement Defect Density  
8. Requirement Defect Leakage (or Escapes) 
9. Cycle time for Requirement Changes (each and average) 
1. (Requirements Approved / Requirements identified and defined)*100 for 

a given time interval 
2. ((Requirements in current baseline - Requirements in previous baseline) 

/ (Requirements in previous baseline) * 100 
3. ((TBDs/TBRs planned for closure – TBDs/TBRs closed) / TBDs/TBRs 

l d f l ) * 100

Implementation 
Considerations o Lower stability means higher risk of impact to other activities 

and other phases, thus requiring more frequent review. 
o Applies throughout the life cycle, based on risk. 
o Track this information per baseline version to track the maturity 

of the baseline as the system definition evolves. 

User of 
Information 

• Program/Project Manager 
• Chief Systems Engineer 
• Product Managers 
• Designers
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Measurement 
Function * 

planned for closure) * 100
4. (Requirements Modified / Total Requirements) * 100 for a given time 

interval 
5. Sum of estimated impacts of Requirement Changes during a given time 

interval 
6. Requirement Defects for each defect category 
7. Requirement Defects / Requirements as a function of time  
8. Subset of Requirement Defects found in a phase subsequent to its 

insertion 
9. Elapsed time (difference between start and stop times) or total effort 

g
Data Collection 
Procedure 

• See Appendix F 

Data Analysis 
Procedure 

• See Appendix F 



Systems Engineering Leading Indicators  
Application to Life Cycle Phases/Stages

Table 1 - SYSTEMS ENGINEERING LEADING INDICATORS OVERVIEW 
Phases   /   Stages   Leading 

Indicator 
Insight Provided 

P
1

P
2

P
3

P
4

P
5

S
1

S
2

S
3

S
4

S
5

Application to Life Cycle Phases/Stages

Requirements 
Trends 

Rate of maturity of the system definition against the plan. 
Additionally, characterizes the stability and completeness of 
the system requirements which could potentially impact 
design and production. 

• • • • • • • • • •

System 
D fi iti

Change request backlog which, when excessive, could have 
adverse impact on the technical cost and schedule

  • • •  • • •   
Definition 
Change Backlog 
Trend 

adverse impact on the technical, cost and schedule 
baselines.  

Interface 
Trends 

Interface specification closure against plan. Lack of timely 
closure could pose adverse impact to system architecture, 
design implementation and/or V&V any of which could

• • • • • • • • •   

design, implementation and/or V&V any of which could 
pose technical, cost and schedule impact. 

Requirements 
Validation 
Trends 

Progress against plan in assuring that the customer 
requirements are valid and properly understood. Adverse 
trends would pose impacts to system design activity with 
corresponding impacts to technical, cost & schedule 
baselines and customer satisfaction

• • • • • • • • •   

baselines and customer satisfaction. 
Requirements 
Verification 
Trends 

Progress against plan in verifying that the design meets the 
specified requirements. Adverse trends would indicate 
inadequate design and rework that could impact technical, 
cost and schedule baselines. Also, potential adverse 
operational effectiveness of the system. 

• • • • • • • • • •

Work Product 
Approval 
Trends 

Adequacy of internal processes for the work being 
performed and also the adequacy of the document review 
process, both internal and external to the organization. 
High reject count would suggest poor quality work or a 
poor document review process each of which could have 
adverse cost, schedule and customer satisfaction impact.

• • • • • • • • •
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adverse cost, schedule and customer satisfaction impact.
Review Action 
Closure Trends 

Responsiveness of the organization in closing post-review 
actions. Adverse trends could forecast potential technical, 
cost and schedule baseline issues. 

• • • • • • • • • •

 



Indicator’s Usefulness for Gaining Insight to Indicator’s Usefulness for Gaining Insight to 
the Effectiveness of Systems Engineeringthe Effectiveness of Systems Engineering (1 of 2)(1 of 2)the Effectiveness of Systems Engineering the Effectiveness of Systems Engineering (1 of 2)(1 of 2)

IndicatorIndicator CriticCritic
alal

Very Very 
UsefulUseful

Somewhat Somewhat 
UsefulUseful

Limited Limited 
UsefulnUsefuln

essess
Not UsefulNot Useful Usefulness Usefulness 

Rating *Rating *

Requirements TrendsRequirements Trends 24%24% 35%35% 11%11% 3%3% 3%3% 4.14.1

System Definition Change Backlog System Definition Change Backlog 
TrendTrend 77 1111 77 33 11 3.93.9

Interface TrendsInterface Trends 1414 1212 44 00 11 4 34 3Interface TrendsInterface Trends 1414 1212 44 00 11 4.34.3

Requirements Validation TrendsRequirements Validation Trends 2222 1616 44 00 11 4.44.4

Requirements Verification TrendsRequirements Verification Trends 3737 2323 66 22 11 4.44.4

Work Product Approval TrendsWork Product Approval Trends 77 1919 2121 22 00 3.93.9

Review Action Closure TrendsReview Action Closure Trends 55 3333 2121 55 00 3.93.9

Risk Exposure TrendsRisk Exposure Trends 1414 3737 66 11 00 4.34.3

Risk Handling TrendsRisk Handling Trends 66 2525 1111 11 00 4.14.1

Technology Maturity TrendsTechnology Maturity Trends 66 66 77 00 00 4.14.1

Technical Measurement TrendsTechnical Measurement Trends 2121 2727 66 00 00 4 44 4Technical Measurement TrendsTechnical Measurement Trends 2121 2727 66 00 00 4.44.4

Systems Engineering Staffing & Systems Engineering Staffing & 
Skills TrendsSkills Trends 1111 2727 1515 00 00 4.24.2

Process Compliance TrendsProcess Compliance Trends 66 1414 1111 11 00 4.04.0
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* Defined on the Slide . Very UsefulSomewhat Useful

Percentages shown are based on total survey responses. Not all indicator responses total to 100% due to round-off error or 
the fact that individual surveys did not include responses for every question.

Note: Reflects Version 1 indicators only



Indicator’s Usefulness for Gaining Insight to Indicator’s Usefulness for Gaining Insight to 
th Eff ti f S t E i ith Eff ti f S t E i ithe Effectiveness of Systems Engineering the Effectiveness of Systems Engineering (2 of 2)(2 of 2)

•• Usefulness Ratings defined via the following Usefulness Ratings defined via the following 
guidelines:guidelines:
–– 4.64.6--5.0 = Critical:5.0 = Critical: Crucial in determining the effectiveness Crucial in determining the effectiveness 

of Systems Engineeringof Systems Engineering
–– 4.04.0--4.5 = Very Useful:4.5 = Very Useful: Frequent insight and/or is very Frequent insight and/or is very 

useful for determining the effectiveness of Systemsuseful for determining the effectiveness of Systemsuseful for determining the effectiveness of Systems useful for determining the effectiveness of Systems 
EngineeringEngineering

–– 3.03.0--3.9 = Somewhat Useful:3.9 = Somewhat Useful: Occasional insight into the Occasional insight into the gg
effectiveness of Systems Engineeringeffectiveness of Systems Engineering

–– 2.02.0--2.9 = Limited Usefulness:2.9 = Limited Usefulness: Limited insight into the Limited insight into the 
ff f Sff f Seffectiveness of Systems Engineeringeffectiveness of Systems Engineering

–– Less than 2.0 = Not Useful:Less than 2.0 = Not Useful: No insight into the No insight into the 
effectiveness of Systems Engineeringeffectiveness of Systems Engineering
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effectiveness of Systems Engineeringeffectiveness of Systems Engineering



Additional Information on Specific Additional Information on Specific 
A li ti d R l ti hiA li ti d R l ti hiApplication and RelationshipsApplication and Relationships
11 CostCost--effective sets of Base Measures thateffective sets of Base Measures that1.1. CostCost effective sets of Base Measures that effective sets of Base Measures that 

support greatest number of indicatorssupport greatest number of indicators
22 Indicators vs SE Activities of ISO/IEC 15288Indicators vs SE Activities of ISO/IEC 152882.2. Indicators vs. SE Activities of ISO/IEC 15288Indicators vs. SE Activities of ISO/IEC 15288
3.3. Application of the SE Leading Indicators for Application of the SE Leading Indicators for 

H S t I t ti (HSI)H S t I t ti (HSI)Human System Integration (HSI)Human System Integration (HSI)
4.4. Application of the SE Leading Indicators for Application of the SE Leading Indicators for 

Understanding ComplexityUnderstanding Complexity

2020



SELI versus SE Activities of ISO/IEC 15288SELI versus SE Activities of ISO/IEC 15288
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Leading Indicator Affinity TableLeading Indicator Affinity Table
  Table 2 LEADING INDICATOR AFFINITY 
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Requirements (10)  X  X X X       X X  X X X X  

System Definition Change Backlog (3) X  X   X               

Interface (9)  X  X X X   X X    X  X   X  

Requirements Validation (4) X  X  X     X           

Requirements Verification (9) X  X X  X    X   X X  X X    

Work Product Approval (5) X X X  X       X         

Review Action Closure (3)          X X   X       

Risk Exposure (6)         X  X   X X   X  X 

Risk Treatment (9)   X     X  X X X   X X X X   

Technology Maturity (8)   X X X  X  X   X X X       

Technical Measurement (6)       X X X   X  X     X  

Systems Engineering  
Staffing & Skills (6) 

     X   X X X    X     X 

Process Compliance (3) X    X     X           

Test Completeness (11) X  X  X  X X  X X     X X  X X 

Facility and Equipment Availability (5)        X X   X      X  X 

Defect and Error (6) X  X  X    X     X     X  

Algorithm/Scenario (5) X    X    X     X     X  

System Affordability (5) X       X X      X     X 

Architecture (6) X  X        X   X  X X    

Schedule and Cost Pressure (5)        X    X  X X   X   
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• Included in analysis of cost-effective measures – may support trade-off analysis 
of measures by understanding the related measures



NAVAIR Applied Leading Indicators NAVAIR Applied Leading Indicators pp gpp g
(ALI) Methodology(ALI) Methodology

S t ti ll l lti l d t l t fS t ti ll l lti l d t l t f•• Systematically analyzes multiple data elements for a Systematically analyzes multiple data elements for a 
specific information need to determine mathematically specific information need to determine mathematically 
valid relationships with significant correlationvalid relationships with significant correlationvalid relationships with significant correlationvalid relationships with significant correlation
–– These are then identified as Applied Leading IndicatorsThese are then identified as Applied Leading Indicators

•• Provides a structured approach for:Provides a structured approach for:Provides a structured approach for: Provides a structured approach for: 
–– Validation of the LIsValidation of the LIs
–– Identifying most useful relationshipsIdentifying most useful relationships

•• Unanimous agreement to include this in the SELI guideUnanimous agreement to include this in the SELI guide
•• NAVAIR (Greg Hein) to summarize the methodology for NAVAIR (Greg Hein) to summarize the methodology for 

incorporation into the SELI Guide revision as an incorporation into the SELI Guide revision as an 
appendixappendix

S ll l d l k l fS ll l d l k l f
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–– Summary will include links to any supplementary information Summary will include links to any supplementary information 
and guidance and guidance 



Interaction with SERC SE Effectiveness Interaction with SERC SE Effectiveness 
Measurement ProjectMeasurement ProjectMeasurement ProjectMeasurement Project
•• SE Leading Indicators Guide is pointed to from SE Leading Indicators Guide is pointed to from g pg p

SERC SE Effectiveness Measurement (EM) project SERC SE Effectiveness Measurement (EM) project 
for quantitative measurement perspectivefor quantitative measurement perspective

•• SERC EM contribution:SERC EM contribution:•• SERC EM contribution:SERC EM contribution:
–– ShortShort--term:term:

•• Mapping of SE Effectiveness Measurement Framework to SEMapping of SE Effectiveness Measurement Framework to SEMapping of SE Effectiveness Measurement Framework to SE Mapping of SE Effectiveness Measurement Framework to SE 
Leading Indicators (SELI)Leading Indicators (SELI)

–– 51 Criteria => Critical Success Factors => Questions => SELI51 Criteria => Critical Success Factors => Questions => SELI
Critical Success Factors serve as Information NeedsCritical Success Factors serve as Information Needs
Q ti M bl C tQ ti M bl C tQuestions serve as Measurable ConceptsQuestions serve as Measurable Concepts

•• Mapping of 51 Criteria to SELIMapping of 51 Criteria to SELI
•• Review to ensure consistency of concepts and terminologyReview to ensure consistency of concepts and terminology

LL–– LongerLonger--term:term:
•• Work with OSD to get infrastructure in place to support data Work with OSD to get infrastructure in place to support data 

collection and analysiscollection and analysis
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–– Tie to SRCA DB (TBR)Tie to SRCA DB (TBR)
–– May require government access and analysisMay require government access and analysis



QUESTIONS?QUESTIONS?
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